As smartphone and sensors continue to become more ubiquitous across the world, digital biomarkers have emerged as a scalable and practical tool to explore disease states and advance health. However, as the digital divide of access and ownership begins to fade, a new digital divide is emerging. Who are the types of people who own smartphones or smart watches, who are the types of people who download health apps or partake in digital biomarker studies, and who are the types of people who are actually active with digital biomarker apps and sensors -the people providing the high-quality and longitudinal data that this field is being founded upon? Understanding the people behind digital biomarkers, the very people this emerging field aims to help, may actually be the real challenge as well as opportunity for digital biomarkers.
Unaddressed mental health issues are now a leading global cause of disability and suffering. While mortality from cardiovascular diseases and cancer is beginning to decline, suicide rates are increasing [1] . Limited global availability of effective mental health treatments, a lack of objective measures of response to treatment, and a lack of specificity in mental health diagnoses remain barriers in advancing patient outcomes. Thus, there has been increasing interest in new solutions and tools to guide both research and treatment. Digital biomarkers, obtained directly through the use of patients' personal smartphones and wearable sensors, have generated significant attention as a novel means for capturing real-time, in vivo, longitudinal behaviors and self-assessments related to mental health [2] . While no major organization has precisely defined mental health digital biomarkers, in part because of the nascence and rapid expansion of the topic, Figure 1 provides an overview of the types of data which could be included in a definition. Each blue diamond in Figure 1 represents a raw digital biomarker. It is possible to combine several raw biomarkers into a composite biomarker for a disease state, as represented by the red box. These composite digital biomarkers offer immediate clinical applications and may also serve as a means to better interpret the findings of basic science research, as indicated by the yellow diamonds. For example, researchers are actively investigating whether smartphone-based GPS data may serve as a digital biomarker for depression [3] , as those suffering from the illness may exhibit reduced and altered daily movements. Others have suggested that digital biomarkers from call and text message logs may be useful in identifying transitions to mania in bipolar disorder [4] . The low cost and scalability of smartphone-and app-based digital biomarkers facilitates a potential wealth of behavioral, social, environmental, and even physiological data that was previously unobtainable [5] [6] [7] .
The surge in interest of digital biomarkers for mental health is related to several converging factors. Increasing ownership of mobile devices has largely closed the digital divide of access to connected technologies. Currently, 77% of US adults own a smartphone, double the 35% ownership rate in 2011 [8] . While it was claimed in the past that those with mental illnesses may not own or be interested in using digital devices as part of their mental healthcare, recent evidence has shown that, like the rest of the global population, those with mental illness own smartphones and are interested in health apps [9] . While ownership rates do vary by race, education, and income, smartphones and health apps are of interest across the socioeconomic boundaries [10] .
This interest is currently met by thousands of apps and tools for mental health released in the Apple and Android stores [11] . New digital therapy companies are receiving multi- million dollar investments to create digital biomarkers through apps and wearable sensors. Apple's HealthKit and Android's Research Stack framework have further reduced the barriers to developing intuitive, patient-centered apps that may serve as digital biomarkers. Thus, patients now have access to both the devices and apps necessary to transform their phone into a source of digital biomarkers and unlock previously inaccessible information about mental health. Despite this potential, to date research on digital biomarkers for mental health has produced mixed results [12] with no definitively reproducible findings. We propose that while the first digital divide of access to mobile technology has closed for mental health patients, in its place, there is now a new digital divide, in which usability rather than access hampers the potential of digital biomarkers.
To put it in simpler terms: who is actually using these mental health apps to produce digital biomarker data? Despite the often-posited potential, there is little discussion or data on user demographics. Without an understanding of which patients are using apps, both the personal-and population-level benefits of mobile and connected mental health technology may be lost. The first step in the user-centered design process is understanding the context of use. This step is challenging to accomplish, as app vendors are not publishing data on their users. In some cases, privacy laws may make it illegal for hospitals, software companies, or app developers to share certain types of data about their users [13] . It is also likely that the demographics of healthcare app users are evolving over time, and are not consistent across use cases; for instance, it is doubtful that men frequently use ovulation tracking apps. Although such data are not available, it is possible to glean some information from reviewing smartphone ownership data and prior clinical studies. Understanding the current use of digital technology for mental health is fundamental to realizing the potential of this technology, as even the best biomarker is useless if unused.
Health App Use in the Literature
Although few studies have examined health app user demographics, several have provided some insights. One study conducted via an online survey of 1,604 US adults reported that 58% of participants had downloaded a health app. The users in this study tended to be younger, be Latino, have higher income, have greater than high school education, and have a higher body mass index than the national average. There was no association between downloading a health app and gender or having a chronic disease [14] . Considering who partakes in app clinical studies, there is no clear consensus on which demographics may be over or underrepresented, although there is some evidence that those aged <30 years are often a large competent of the sample in app studies [15, 16] . At this point, it remains unclear why certain people choose to partake in app research or share their app data. Outside of studies, interest in an app or even downloading a health app does not guarantee use, as seen in one survey study, where 85% of subjects expressed interest in using health apps, although only 17% had actually ever used one [10] . When actual users are studied, a common limitation of app-focused studies is the use of crowdsourcing to recruit individuals from the Internet. When crowdsourcing is used, the study population consists of people without verified diagnoses. While such recruitment methods facilitate a large sample size, they have an inherent selection bias as they include participants who are both online and interested in taking surveys. Thus, crowdsourced studies may not produce findings which are representative of the general population. To date, there has not been a systematic review of the demographics of people included in app-related research. Ensuring that the voices of all patients, even those not digitally connected, are represented will help us get a clearer understanding of true patient needs. Torous 
App Adherence
Data on app downloaders is too insufficient to understand the demographics of app users, as people frequently disengage from apps after downloading them. A study of users of the PTSD Coach app revealed that while the app has been downloaded 166,861 times the last three years, only 14% of users opened the app 1 day after downloading it, and only just over 4% were using the app 1 year later [17] . While this study did not collect data on whether users had PTSD or not, another study suggested that those with chronic illness may be less adherent to apps compared to a healthy control population. The study found that controls were 76% adherent, while those with chronic illness were only 16% adherent when asked to use a diet app and 4 health-tracking devices during a 4-week period [18] . Understanding the degree to which patients will maintain adherence to apps as they become more ill is another topic that is understudied. Similar to medication adherence, app adherence will benefit from gaining an understanding of barriers to use, thus driving the design of optimal digital tools to provide care. While studies on why patients engage with apps may not offer immediate new diagnostic data or treatment tools that can serve as digital biomarkers, understanding engagement is the foundation for the success of all health apps.
App Barriers
Among those with mental illness, use data have been rarely reported or studied, although qualitative studies are beginning to answer why app use may be low. In the adeptly named paper, "It Feels Different from Real Life," the authors conducted a thematic analysis of user reviews of mental health apps on various online forums and app stores. They report that current limitations of mental health apps include: (1) not providing enough emotional support, (2) distracting users from real-life challenges, (3) causing users to not seek in-person care or peer support, and (4) receiving self-reported symptoms from users which differ from what they would report in person [19] . One phone survey of Australian youth assessed willingness to adopt app-based versus traditional mental health services and concluded that the desire for app-based services is low and that respondents questioned the efficacy of such services [20] . End user interest and concerns should be studied during the health app design process to both inspire features and reduce barriers to access. As referenced above, while some mental health apps undergo research evaluation [21, 22] , the vast majority does not and little is known about their safety or efficacy.
Finally, any lack of patient or clinician trust in health apps, be it trust that the apps are effective or trust that the apps protect privacy, is a barrier that cannot be ignored [23] . Instead of focusing only on the success of apps, learning from their failures will help us create new digital tools that can overcome barriers and increase use.
Conclusion
While the potential of digital biomarkers for mental healthcare has become increasingly clear, there is still a lack of clarity surrounding who is using them and how they are being used. Although the digital divide in access to information technology has largely dissipated, a new divide has emerged between the creators and users of digital services. The first step in developing digital biomarkers for advancing mental health research and treatment is to understand the needs of patients. Potential next steps include developing more ecological and anthropological research as well as addressing the lack of usability, trust, and evidence which
